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[Title of the Inventioﬁ] ~ METHOD OF MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE
[Abstract]
[Object] To provide a method of manufacturing a liquid
crystal display device which enables dissolving gradation
unevenness caused by dropping marks of ‘a liquid crystal with

ease.

[Solving Means] In manufacturing a liquid crystal display
device comprising one substrate 4 on which a liquid crystal
2 is dropped via a syringe 1 and a counter substrate
subsequently stuck thereto and holding the liquid crystal 2
sealed between the pair of substrates, the liquid crystal 2
is dripped by inclining the outlet of the syringe 1 in such
a way that the angle 61 formed between the flow direction
(the direction of the arrow A) of the liquid crystal 2 at
the outlet of the syringe 1 and the surface of the substrate
is within the range of 0 to 45°. |
[Claims]

[Claim 1] A method of manufacturing a liquid crystal
display device in which liquid crystals are dropped on one
sﬁbstrate from a dropping syringe, then a counter substrate
is bonded to the one substrate, and the liquid crystals are
sealed between a pair of substrates, the method comprising

the step of:
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dropping the liquid crystals by inclining the outlet of
the syringe in such a way that the angle formed between a
flow direction of the 1liquid crystal at the outlet of the
syringe and the surface of the substrate is within the range
of 0 to 45°.

[Claim 2] The method according to claim 1, wherein an
angle formed between a rubbing groove of the orientation
film formed on the surface of the substrate on which the
liquid crystals are dropped and a flow direction of the
liquid crystals at the outlet of the dropping syringe is

within the range of 0° to 45°.

[Claim 3] The method according to claim 1 or 2, further
comprising the step of dropping the liquid crystals to the
substrate when liquid crystals are heated to the temperature
higher than nematic - isotropic phase transition temperature;

[Claim 4] The method according to any one of claims 1 to 3,
further comprising the step of dropping the liquid crystals

to the substrate after treated by supersonic waves.

[Detailed Description of the Invention]
{0001)

[Technical Field of the Invention]

"The present invention relates to a method of
manufacturing a liquid crystal display device by bonding a

counter substrate to one substrate after dropping liquid
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crystals to the one substrate from a dropping syringe.
[0002]
[Description of the Related Art]

Conventionally, a method of manufacturing a liquid
crystal panel to be used in a liquid crystal display device
is largely divided into two kinds of methods. The first
method is to a so-called vacuum filling method of filling up
a liquid crystal material by making an empty cell to be
vacuum after assembling an empty cell by bonding a pair of
glass substrates and using the difference between a vacuum
pressure witﬁin an empty cell and the atmospheric pressure.

[0003]

Most of liquid crystal panels which are manufactured
until now are manufactured by the vacuum filling method.
However, in the vacuum filling method, because much time is

required for filling up liquid crystals, there is a problem
in a point of productivity. The second method is a so-
called dropping method of bonding the other substrate to one
substrate after dropping a liquid crystal material on the
one substrate.

[0004]

The dropping method is expected as a next generation
method of manufacturing a panel because it has a short
throughput and a high utility efficiency of a liquid crystal

material. Fig. 2 shows a conventional dropping method.



2000-241824.doc - 4 -

Liquid crystals 2 are dropped from a dropping syringe 1 to a
glass substrate 4 in which the orientation film 3 is formed.

{0005]

At this time, the dropping syringe 1 is perpendicular
to the glass substrate 4 and an angle 62 formed between a
flow direction of liquid crystals 2 at a tip of the dropping
syringe 1 which is indicated by arrow B and the surface of
the glass substrate 4 is 90°.

[0006]

[Problems to be Solved by the Invention]

However, in the method of dropping a liquid crystal 2,
when a counter substrate is bonded to the glass substrate 4
to which liquid crystal 2 is dropped, diffusion or liquidity
of the liquid crystal 2 remarkably gets worse. Specifically,
when the wettability of the surface of the glass substrate 4
and the liquid crystal 2 is not good or an orientation
regulation force of the orientation film 3 is weak,
gradation unevenness is easily generated in the liquid
crystal display due to dropping traces of the liquid crystal
2.
| [0007]

In order to solve the gradation unevenness, it is
required to strictly control other process conditions such
as the orientation film 3, so that a process margin becomes

small. Further, for some combined liquid crystals 2,
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because generating traces of the liquid crystals are notable,
it is difficult to use them. The present invention is to
solve the above-mentioned problem, and an object of the
present invention is to provide a method of manufacturing a
liquid crystal dispiay device which enables dissolving
gradation unevenness caused by dropping marks of a liquid
crystal with ease.

[0008]

[Means for Solving the Problems]

A method of manufacturing a liquid crystal display
device according to the present invention is characterized
by qontrolling a tip angle of a dropping syringe for

dropping the liquid crystal. According to the present
4invention, when a counter substrate and the substrate on
which the liquid crystals are dropped are bonded to each
other, the diffusion or liquidity of the liquid crystals is
improved, and thus it is possible to provide a liquid
-crystal display device in which there is no gradation
uﬁevenness without strictly controlling other process
conditions.

[0009]

[Description of the Embodiments]

A method of manufacturing a 1liquid crystal display

device according to claim 1 of the present invention, when

liquid crystals are dropped on one substrate from a dropping
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syringe, then a counter substrate is bonded to the one
substrate, and the liquid crystals are sealed between a pair
of subsﬁrates, is characterized by that the liquid crystals
are dropped by inclining the outlet of the syringe in such a
‘way that the angle formed between a flow direction of the
liquid crystal at the outlet of the syringe and the surface
of the substrate is within the range of 0 to 45°.

[0010]

A method of manufacturing a liquid crystal display
device according to claim 2 of the present invention, in
claim 1, is characterized by that an angle formed between a
rubbing groove of the orientation film formed on the surface
of the substrate on which the 1liquid crystals are dropped
and a flow direction of the liquid crystals at the outlet of
the dropping syringe is within the range of 0° to 45°. A
method of manufacturing a 1liquid crystal display device
-according to claim 3 of the present invention, in claim 1 or
2, is characterized by that the liquid crystals are dropped
to the substrate when liquid crystals are heated to the
ﬁemperature higher than nematic - isotropic phase transition

temperature.

[0011]

A method of manufacturing a liquid crystal display
device according to claim 4 of the present invention, in any

one of claims 1 to 3, is characterized by that the liquid
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crystals are dropped on the substrate after treated by

supersonic waves.

[0012]

(Embodiments)

[0012]

Fig. 1 shows an embodiment according to the present
invention. Unlike Fig. 2 showing a conventional technique,
as shown in Fig. 1(a), in the present embodiment, by
controlling an tip angle of a dropping syringe 1 of a
dropping device, an angle 61 formed between a flow direction
indicated by arrow A of the liquid crystals 2 dropping from
the dropping syringe 1 and the surface of the glass
substrate 4 is controlled to a predetermined angle.

[0013]

That is, when the liquid crystals 2 are dropped on the
surface of the glass substrate 4 in which the orientation
film 3 is formed, the liquid crystals 2 are dropped so that
the tip of a dropping syringe 1 has any angle with respect
to the.surface of the glass substrate 4. It is required
that an angle 61 formed between a flow direction [a
direction of arrow A] of the liquid crystals 2 at the tip of
the dropping syringe 1 and the surface of the glass
substrate 4 is within the range of 0° to 45°.

[0014]

If the angle 61 exceeds 45°, the gradation unevenness
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is generated in the liquid crystai display panel by dropping
traces of the liquid crystals similar with the conventional
technique. Further, as shown in Fig. 1(5),_the meaning that
61 is 0° indicates that the tip of the dropping syringe 1
is pressed on the surface of the glass substrate 4 and a
flow direction of the liquid crystals 2 indicated by arrow
A’ is parallel to the surface of the glass substrate 4.

[0015]

According to the dropping method, when the glass
substrate 4 on which the liquid crystals 2 are dropped and
the countef substrate (not shown) are bonded to each other,
the diffusion of a liquid crystal drop is good regardless of
the combined liquid crystal, whereby it is possible to
prevent the gradation unevenness from generating in the
display screen. Further, in addition to the structure, in
the present invention, it is desirable that an angle formed
between a rubbing groove of the orientation film formed on
the surface of the glass substrate 4 on which the liquid
crystals 2 are dropped and a flow direction of the liquid
crystals 2 at the outlet of the dropping syringe is within
the range of 0° to 45°, the liquid crystals 2 heated to the
temperature higher than nematic - isotropic phase transition
temperature (hereinafter, referred to as TN-1) for using in
TN or STN are dropped on the substrate, or the liquid

crystals 2 are dropped on the substrate after treated by
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supersonic waves.

[0016]

Though the treatment, because the direction is
controlled when the liquid crystals 2 are dropped or thé
liquid crystals 2 are flown, the diffusion of the liquid
crystal drop is further enhanced, so that it is possible to
"improve the effect to prevent the gradation unevenness from
being generated. Now, a detailed embodiment of the present
invention will be described.

(A First Embodiment)

The orientation film (made by chisso company, product
number PSI -A-2204 -M5, most suitable curing temperature
200°C) is coated and the liquid crystals (made by chisso
company, product number MM4414) for STN are dropped on the
glass substrate 4 in which the curing treatment is performed
by the dropping syringe 1 under the temperature of 190°C.

[0017]

An angle 01 formed between a flow direction [a
direction of arrow A} of the liquid crystals 2 at the tip of
the dropping syringe 1 and the surface of the glass
substrate 4 is 30°. A liquid crystal panel is manufactured
by bonding a counter substrate to the glass substrate 4 on
which the liquid crystals 2 are dropped. When the obtained
liquid crystal panel is lighted up, the gradation unevenness

is not generated by dropping traces of the liquid crystal
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drop.

(A Second Embodiment)

An angle 61 formed between a flow direction [a
direction of arrow A] of the liquid crystals 2 at the tip of
the dropping syringe 1 and the surface of the glass
substrate 4 is 45°.

[0018]

The liquid crystal panel is manufactured to be similar
with the first embodiment 1 except other things. The
obtained liquid crystal panel has no gradation unevenness
and has an excellent display grade.

(A Third Embodiment)

An angle €1 formed between a flow direction [a
direction of arrow A] of the liquid crystals 2 at the tip of
the dropping syringe 1 and the surface of the glass
substrate 4 is 30° and the liquid crystals 2 are dropped so
. that an angle of a rubbing groove of the orientation film 3
is 0°.

{0019]

The liquid crystal panel is manufactured to be similar
with the first embodiment 1 except other things. The
obtained liquid crystal panel has no gradation unevenness
and has a further excellent display grade. Further, in.the
embodiment 3, an angle 061 formed between a flow direction [a

direction of arrow A] of the liquid crystals 2 at the tip of
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the dropping syringe 1 and the surface of the glass
substrate 4 is 30°, but the similar result is obtained in
even when an angle 61 is within the ranée of 0° to léss than
30" and is within the range of more than 30° to 45° or less.

[0020]

Further, in the third embodiment, an angle 61 formed
between a flow direction of the liquid crystals 2 indicated
in a direction of arrow A and a rubbing groove of the
orientation film 3 is 0°, but when an angle 61 formed
between a direction of arrow A and a rubbing groove of the
orientation film 3 is more than 0° to 45° or less, the
similar excellent result is obtained.

(A Fourth Embodiment)

In the first to third embodiménts, in a temperature
lower than Ty-1 of the liquid crystals 2, specifically 250,
the liquid crystals 2 are dropped on the glass substrate 4,
but in the fourth embodiment, at the state where the liquid
crystals 2 are heated at the temperature of 1200 higher than
Ty-1, the liquid crystals 2 are dropped on the glass
substrate 4.

[0021]

The liquid crystal panel is manufactured to be similar
with the first embodiment 1 except other things. The
obtained liquid crystal panel has no gradation unevenness

and has an excellent display grade.
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(A Fifth Embodiment)
Before the liquid crystals 2 are dropped on the glass

substrate 4, the liquid: crystals 2 injected into the
dropping syringe 1 are treated by supersonic waves and the
liquid crystals 2 treated by supersonic waves are dropped on
the glass substrate 4.

[0022]

The liquid crystal panel is manufactured to be similar
wifh the first embodiment 1 except other things. The
obtained liquid crystal panel has no gradation unevenness
and has an excellent display grade.

(Comparative Embodiment)

An angle formed between a flow direction of the liquid
crystals 2 at the tip of the drdpping syringe 1 and the
surface of the glass substrate is 90°.

[(0023]

The liquid crystal panel is manufactured to be similar
with the first embodiment 1 except other thinés. The
obtained liquid crystal panel has tﬁe gradation unevenness.
Further, in the embodiments 1 to 5, an angle 61 formed
between a flow direction of the liquid crystals 2 at the tip
of the dropping syringe 1 and the surface of the glass
substrate is within the range of 30° to 45°, but in a case
where the angle 61 is less than 30°, the obtained liquid

crystal panel has no gradation unevenness and has an
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excellent display grade.

[0024]

Further, in a case where an angle 61 formed between a
flow direction of the liquid crystals 2 at the tip of the
dropping syringe 1 and a rubbing groove of the orientation
film 3 is up to 45°, the obtained liquid crystal panel
having no gradation unevenness is obtained, but in a case
where an angle 61 exceeds 45°, the gradation unevenness is
observed. Further, the above-mentioned embodiment uses STN
type of liquid crystal, but the present invention is not
limited to this and even in the mixed liquid crystal
regardless of the combined liquid Crystal, a good resﬁlt is
obtained.

[0025]

[Advantages]

As described above, according to a method of
manufacturing a liquid crystal display device of the present
invention, as the liquid crystals are dropped by making the
tip of the dropping syringe to be inclined so that an angle
formed between a flow direction of the liquid crystals at
the tip of the dropping syringe and the surface of the glass
substrate is within the range of 0° to 45°, it is possible
to manufacture a liquid crystal display device having no
gradation unevenness due to the dropping marks of the liquid

crystals.
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[0026]

Further, it is unnecessary to strictly control other
brocess condition by only adjusting the angle of the
dropping syringe of the dropping device, so that it is
possible to easily remove the gradation unevenness. Further,
a process margin is increased when the orientation film is
formed, so that it is possiblé to easily control a condition
of a mass production process.

{0027]

Furthermore, it is possible to use the dropping syringe
for the combined liquid crystals in which the gradation
unevenness is easily generated in a conventional technique
and having the difficulty when it is used.

[Brief Description of the Drawings]
(Fig. 1]

Fig. 1 is a perspective view illustrating a method of
dropping é liquid crystal according to an embodiment of the
present invention.

[Fig. 2]
Fig. 2 is a perspective view illustrating a

conventional method of dropping a liquid crystal

[Reference Numerals]
1: dropping syringe

2: liquid crystal

3: orientation film
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4: glass substrate
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